We calculate the linear magneto-optical Kerr rotation angle for CeSb in the near-infrared spectral range. Using an exact formula for large Kerr rotation angles and a simplified electronic structure of CeSb we find athω = 0.46 eV a Kerr rotation of 90 • which then for decreasing ω jumps to -90 • in very good agreement with recent experimental observations. We identify the general origin of possible 90 • polarization rotations from mainly optical properties and discuss its relation to the magnetic moments and magnetic dichroism of the material. 78.20.Ls,78.20.Ci,75.30.Mb Typeset using REVT E X 1
The search for large Kerr rotations in magneto-optics has been a longstanding subject of both basic and application-oriented research. The prediction and observation of giant Kerr rotations [1] [2] [3] 3] in the nonlinear magneto-optical Kerr effect (NOLIMOKE) on multilayer sandwiches and thin magnetic films have successfully demonstrated the enhanced sensitivity of nonlinear optics to magnetism, in particular on low-dimensional systems due to the reduction of symmetry. Although the detailed values of the enhanced Kerr rotation in NOLIMOKE depend on the electronic structure of the investigated system, the spin-orbit coupling strength, the magnetization direction in the sample and the polarization of the incoming light, the 90
• nonlinear Kerr rotation in the longitudinal configuration and steep angle of incidence [3] , is essentially independent of the frequency and results from symmetry considerations.
Prior and also parallel to NOLIMOKE, the search for enhanced Kerr rotations has been pursued in the conventional linear magnet-optic Kerr effect (MOKE). Since the MOKE rotation of transition metals like Fe or Ni is typically in the range of only some 0.1 • for optical frequencies one had to resort to particular magnetic rare-earth or uranium alloys with large spin-orbit coupling constants, large magnetic moments, and with special optical resonances in only one spin type to find relatively large Kerr rotations at low temperatures (≈ 1 K) and at lower frequencies. Furthermore, the application of large external magnetic fields (≈ 5 T) was necessary. In this way, a record-high MOKE rotation of 14 • has been observed for CeSb in 1986 by Schoenes et al. [5] . Very recently, however, the same group (Pittini et al. [6] ) observed the largest observable rotation of 90
• and an abrupt jump of this rotation to -90
• in CeSb by reducing the frequency from 0.55 eV to 0.46 eV.
In this paper, we present a simplified model for such a giant MOKE rotation. We argue that this large Kerr rotation occurs for a frequency set by both the plasma frequency and special optical transitions allowed only in one spin type, rather than the magnetic properties.
Our explanation relies largely on an improved evaluation of the Kerr rotation for a model band structure which does not assume any small parameters in the off-diagonal components of the reflected electric field. We do not need all details of the complicated Ce monopnictides bandstructure to explain the large Kerr angle. In CeSb the effect of the Ce f electrons is merely to spin-polarize and split up the Sb p bands via hybridization. The simplified theory outlined in the following describes however already the physical origin of the large linear Kerr effect.
The relation of MOKE signals (Kerr rotations or intensitiy measurements) to magnetic properties of the material is of special interest . Thus, MOKE is used for the determination of the direction and relative strength of the magnetization in saturated ferromagnetic materials. We show hereby analysing the reflectivity, the magnetic dichroism and the electrical-susceptibility-tensor elements that this special 90
• Kerr-angle resonance is based on the behavior of the diagonal ('nonmagnetic') susceptibility χ xx (ω) and thus is not related to the magnitude of the magnetization in the sample.
To determine large Kerr rotation angles we have to use general expressions for the Kerr rotation and ellipticities in contrast to the usually taken linearized formulae which are valid if tan ϕ ≈ ϕ holds. Following general ellipsometry arguments the complex polar Kerr angle κ is defined as
where, ϕ is the Kerr rotation angle and ε is the ellipticity. E y and E x are components of the reflected electric field. Solving Eq. (1) we find for the Kerr angle
The analysis of Eq. (2) yields that 180
• -jumps in ϕ may occur when Re(κ) is zero or infinity.
The behavior of κ results from the well known expression for the linear polar Kerr rotation
Here, χ
xx and χ (1) xy denote the elements of the linear susceptibility tensor. The complex value κ describes the tangent of the angle, κ = tan Φ K , with Φ K = ϕ + iε . Note, for small Kerr rotations Eq. (2) reduces to ϕ = Re(κ). Eq. (2) can be rewritten as 
The ellipticity angle ε is given by
Note, these results are of general interest, in particular the occurence of a "resonace" behaviour in the Kerr rotation.
For describing now the infrared Kerr-spectrum of CeSb as measured by Pittini et al. Thus,
where χ xx,intra denotes the intraband contribution important only in the diagonal elements of χ, L l,l ′ denotes the response from transitions between the bands l and l ′ and λ s.o. is the spin-orbit coupling constant. Note, the factor λ s.o. /hω results from including spin-orbit coupling to lowest order in the wave functions. However, this will not directly effect ϕ. The
Kerr rotation is then calculated by using
For simplicity, we approximate the transitions between the (Sb) p bands by a single atomic
with the band positions E f of the unoccupied final state and E i of the occupied initial state and the damping factor α. Note, optical transitions between minority-spin electrons in these states strongly prevail. Furthermore, we describe intraband effects by a conventional Drude term
with the plasma frequency ω pl and the damping τ . Using these expressions one can then determine ϕ with the help of Eq. (4).
For a further analysis and for comparison with experiment we also calculate the optical reflectivity R using
with the refraction index N 2 = ǫ 0 + iǫ 1 = 1 + χ xx + iχ xy .
We now present results for the Kerr rotation, the reflectivity and in particular the dependence of the large Kerr angle on the plasma frequency ω pl and interband splitting ∆E = E f − E i referring to the dominant optical transition.
In Fig. 1 In Fig. 2 we show furthermore the frequency dependence of the optical reflectivity R(hω) in the energy range from 0 to 0.8 eV. For the Kerr angle spectrum the most important range of this curve is the deep minimum at 0.46 eV, at the same energy where the jump in ϕ occurs.
The discrepancy with respect to experimental results is presumably due to our simplified electronic structure of CeSb since we neglect interband transitions at large frequencies.
Figs. 3 and 4 show the dependence of ϕ(hω) and, in particular, of the jump position on ∆E and the plasma frequency ω pl . Fig. 3 shows Kerr-angle spectra ϕ(hω) with plasma frequencies varying from 0.2 eV to 1.3 eV. Note, for plasma frequencies higher than a threshold value depending on ∆E the 180 • -jump vanishes, whereas for low plasma frequencies the jump amplitude is stable, while only the position of the jump moves to lower energies. The variation of the interband transition ∆E yields the opposite behavior, see Fig. 4 . Here, ∆E changes from 0.2 eV to 1.6 eV. The jump in ϕ vanishes for low ∆E and moves for large values of ∆E to higher energies. Thus, we find that the ratio of the plasma frequency ω pl to ∆E, which characterizes the interband transitions, is essential for the occurrence of a 180 Mostly interesting is the relation of the discussed Kerr-rotation jump to the magnetic properties of the material. In view of this we calculate the magnetic dichroism in MOKE.
With reference to the magnetic dichroism in circularly polarized light we define the dichroism for linearly incident polarization
with I(±M) the intensities for inversed magnetization directions. Using for the intensities of the reflected light
In Fig. 5 we illustrate the different frequency dependences of the magnetic dichroism d and the absorptive part of the magnetic susceptibility tensor element Im(χ xy ). We find a strong dichroism of more than 70% at the ϕ-jump frequency whereas the spin-polarized absorption depends only on the electronic structure. The maximum in Im(χ xy ) occurs at ∆E = 0.67 eV. In previous more detailed microscopic calculations of χ xy [16] we found a linear dependence of amplitudes of pronounced maxima in χ xy on the magnetic moment and this seems to be a general property. On the other hand, inspecting Eq.( 3) (small Kerr effect) for a weak varying denominator we find ϕ ∼ χ xy ∼ M. For the ϕ-jump case, in contrast, the Kerr rotation and the dichroism are determined by nonmagnetic optical properties (Re(χ xx ) = 0) not resolving the magnetism of the material. Thus, we analyzed a case of polarization rotation in a magnetic material not caused by magnetic properties and, strictly speaking, cannot register this effect as magneto-optical Kerr effect. Experimentally, the usual MOKE and the here discussed polarization rotation can be distinguished by an additional analysis of the optical reflectivity.
It would be of interest to determine also the nonlinear Kerr rotation in CeSb. Generally, the nonlinear Kerr effect involving more transitions will be a more sensitive probe of the electronic structure. Also, the nonlinear Kerr rotation would illustrate the different nature of giant Kerr rotations in linear and nonlinear optics. The theoretical analysis for this follows from previous studies [1, 3] .
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Note, these conditions change when transitions in both majority and minority spin bands have to be considered. 
